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APPARATUS FOR MONITORING FAILURE
POSITIONS IN WAVELENGTH DIVISION
MULTIPLEXING-PASSIVE OPTICAL
NETWORKS AND WAVELENGTH DIVISION
MULTIPLEXING-PASSIVE OPTICAL
NETWORK SYSTEMS HAVING THE
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION:

This patent applicationis a U.S. National Phase application
under 35 U.S.C. §371 of International Application No. PCT/
KR2006/003532, filed on 6 Sep. 2006, entitled APPARATUS
FOR MONITORING FAILURE POSITIONS IN WAVE-
LENGTH DIVISION MULTIPLEXING-PASSIVE OPTI-
CAL NETWORKS AND WAVELENGTH DIVISION
MULTIPLEXING-PASSIVE OPTICAL NETWORK SYS-
TEMS HAVING THE APPARATUS.

TECHNICAL FIELD

The present invention relates to an apparatus for monitor-
ing failure positions on optical fibers (hereinafter, referred to
as fibers) in a wavelength division multiplexing-passive opti-
cal network (hereinafter, referred to as WDM-PON) and a
WDM-PON having the apparatus. More particularly, the
present invention relates to an apparatus for monitoring fail-
ure positions on fibers in a WDM-PON system by injecting
pulse-type monitoring light into the fibers and measuring the
intensity of reflected light and backscattering, as well as a
WDM-PON system having the apparatus.

BACKGROUND ART

Recently, research and development of WDM-PONs is
vigorously conducted so as to increase the capacity of net-
works and improve the transmission rate. In particular,
WDM-PONs are regarded as best suited to accommodate
video/image-based services. In order to implement WDM-
PONs economically, it has recently been proposed to use an
F-P LD (Fabry-Perot Laser Diode), which is wavelength-
locked by the injected incoherent ASE (Amplified Spontane-
ous Emission) light from outside, as a light source of WDM-
PONs. However, when a fiber fails unexpectedly in any type
of WDM-PON system, the failure must be quickly grasped so
as to restore the system, or the reliability of services provided
to ONTs (Optical Network Terminations) is seriously
degraded.

In order to monitor failure positions on fibers, an OTDR
(Optical Time Domain Reflectometry) is generally used. This
device is operated in the following manner: it injects pulse-
type monitoring light, which has a short time width, into
fibers and receives light backscattered by fine impurities
inside the fibers. The OTDR then receives light reflected by
connection units, particularly optical devices including a cou-
pler, a connector, an AWG (Arrayed Waveguide Grating), and
a WDM, by using a photo detector having good sensitivity.
The intensity of received light is given as a function of dis-
tance. When the injected monitoring light propagates through
the fibers, a small amount of the light is backscattered, but it
undergoes a large degree of reflection where a failure has
occurred. Therefore, the time-based function of received
backscattered light becomes discontinuous due to reflected
waves at a specific point of time, and the distance (position) of
the failure is known by associating the point of time with the
speed of light inside the fibers.
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However, there are a number of difficulties in applying the
above-mentioned method for monitoring failure positions to
a WDM-PON system. As known in the art, different wave-
lengths are used from a remote node to respective ONTs. If a
specific distributed fiber has failed, different wavelengths of
monitoring light needs to be used to monitor the failure posi-
tions. A wavelength-tunable light source may be used to this
end, but it is economically unfavorable.

In an attempt to solve the problems occurring when a
wavelength-tunable light source is used, it has been proposed
to use a DFB LD (Distributed Feedback Laser Diode) as a
conventional light source for signal transmission and, when a
failure has occurred, identify a faulty channel by means of a
receiver of a CO (Central Office), so that the faulty channel’s
DFB LD for signal transmission is used as a monitoring light
source. However, this approach is not economical because
expensive DFB LDs are used. Furthermore, a switch for tog-
gling between transmission mode and monitoring mode is
necessary for each channel. The resulting increase in chan-
nels renders the transmission unit complicated.

DISCLOSURE OF THE INVENTION

Therefore, the present invention has been made in view of
the above-mentioned problems, and it is an object of the
present invention to provide a method for economically
monitoring failure positions on all fibers, including distrib-
uted fibers, without using expensive wavelength-tunable light
sources in a WDM-PON system while maintaining transmis-
sion via channels with no failure.

According to an aspect of the present invention, there is
provided a failure position monitoring apparatus fora WDM-
PON system having a feeder fiber, a plurality of distributed
fibers, a plurality of transmitters for transmitting an informa-
tion signal between a CO and a plurality of ONTs via a fiber,
and a plurality of receivers for receiving the information
signal, the apparatus including a signal generator for gener-
ating a monitoring electric pulse signal for monitoring a fail-
ure positions on the fiber; a light source modulated by the
signal generator so as to convert the pulse signal into moni-
toring light and output the monitoring light; a tunable band
pass filter for passing only a predetermined wavelength range
while tuning a wavelength; an N-BLS for outputting light to
be injected into the light source; a four-port optical circulator
for routing the incoherent ASE light so as to be inputted to the
light source via the tunable band pass filter, the incoherent
ASE light having been outputted by the N-BLS, the four-port
optical circulator routing the monitoring light to the feeder
fiber, the monitoring having been outputted by the light
source and having passed through the tunable band pass filter;
a photo detector for receiving the monitoring light routed by
the four-port optical circulator, the monitoring light having
been backscattered and reflected on the fiber, the photo detec-
tor converting the monitoring light into an electric signal and
outputting the electric signal; a signal processing unit for
reducing noise from the monitoring light converted and out-
putted by the photo detector, the signal processing unit out-
putting the monitoring light; and a display unit for displaying
an optical output graph based on a distance outputted by the
signal processing unit.

According to another aspect of the present invention, there
is provided a failure position monitoring apparatus for a
WDM-PON system having a feeder fiber, a plurality of dis-
tributed fibers, a plurality of transmitters for transmitting an
information signal between a CO and a plurality of ONTs via
a fiber, a plurality of receivers for receiving the information
signal, an A-BLS, and a B-BLS, the A-BLS and the B-BLS
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injecting light from outside so that transmission light sources
inside the transmitters oscillate in a quasi-single mode,
respectively, the apparatus including a tunable band pass filter
for passing only a predetermined wavelength range while
tuning a wavelength; a first three-port optical circulator for
routing a portion of the incoherent ASE light to the tunable
band pass filter, the incoherent ASE light having been output-
ted by the A-BLS; a signal generator for generating a moni-
toring electric pulse signal for monitoring a failure positions
on the fiber; a light source modulated by the signal generator,
the light source outputting wavelength-locked monitoring
light; a second three-port optical circulator for inputting the
incoherent ASE light into the light source, the incoherent ASE
light having routed through the tunable band pass filter, the
second three-port optical circulator routing the monitoring
light outputted by the light source, the second three-port
optical circulator routing the monitoring light to the tunable
band pass filter, the monitoring light having been backscat-
tered and reflected on the feeder; a control device electrically
connected to the receivers of the CO, the control device iden-
tifying a faulty channel, controlling the tunable band pass
filter, and driving the signal generator; a photo detector for
receiving the monitoring light backscattered and reflected,
the monitoring having routed through the second three-port
optical circulator, the tunable band pass filter, and the first
three-port optical circulator successively, the photo detector
converting the monitoring light into an electric signal; a sig-
nal processing unit for reducing noise from the electric signal
outputted by the photo detector, the signal processing unit
determining a failure position; and a display unit for display-
ing the failure position determined by the signal processing
unit.

According to another aspect of the present invention, there
is provided a failure position monitoring apparatus for a
WDM-PON system having a feeder fiber, a plurality of dis-
tributed fibers, a plurality of transmitters for transmitting an
information signal between a CO and a plurality of ONTs via
a fiber, and a plurality of receivers for receiving the informa-
tion signal, the apparatus including a signal generator for
generating a monitoring electric pulse signal for monitoring a
failure positions on the fiber; a light source modulated by the
signal generator so as to convert the pulse signal into moni-
toring light and output the monitoring light; a tunable band
pass filter for passing only a predetermined wavelength range
while tuning a wavelength; an optical amplifier for amplify-
ing the monitoring light filtered by the tunable band pass
filter; a three-port optical circulator for routing the monitor-
ing light to the feeder fiber, the monitoring light having been
amplified by the optical amplifier, the three-port optical cir-
culator receiving the monitoring light backscattered and
reflected on the fiber, the three-port optical circulator passing
and outputting the monitoring light; a photo detector for
receiving the monitoring light backscattered and reflected,
the monitoring light having been routed and outputted by the
three-port optical circulator, the photo detector converting the
monitoring light into an electric signal and outputting the
electric signal; a signal processing unit for reducing noise
from the electric signal outputted by the photo detector and
outputting the electric signal; and a display unit for displaying
a failure position determined by the signal processing unit.

According to another aspect of the present invention, there
is provided a failure position monitoring apparatus for a
WDM-PON system having a plurality of transmitters for
transmitting an information signal between a CO and a plu-
rality of ONTs via a fiber, the fiber having a feeder fiber and
adistributed fiber for a plurality of channels, and a plurality of
receivers for receiving the information signal, the apparatus
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including a signal generator for generating an electric pulse
signal for monitoring a failure positions on the fiber; a high-
power laser for outputting monitoring light modulated by the
signal generator; a tunable band pass filter for filtering modu-
lated high-output monitoring light so as to coincide a wave-
length corresponding to a faulty channel, the high-output
monitoring light having been outputted by the high-power
laser, the tunable band pass filter outputting the high-output
monitoring light to the fiber; a three-port optical circulator for
routing the high-output monitoring light to the feeder fiber,
the high-output monitoring light having passed through the
tunable band pass filter, the three-port optical circulator
receiving the monitoring light backscattered and reflected on
the fiber, the three-port optical circulator routing and output-
ting the monitoring light; a photo detector for receiving the
monitoring light backscattered and reflected, the monitoring
light having been routed and outputted by the three-port opti-
cal circulator, the photo detector converting the monitoring
light into an electric signal and outputting the electric signal;
a signal processing unit for reducing noise from the electric
signal outputted by the photo detector and outputting the
electric signal; and a display unit for displaying a failure
position determined by the signal processing unit.

The present invention is advantageous in that it can monitor
the failure positions on channels in a WDM-PON system
while maintaining transmission via other channels, as well as
check if other channels are functioning normally in an eco-
nomic manner. Therefore, any failure in the WDM-PON sys-
tem is accurately positioned for fast recovery. This reduces
the cost for repair and maintenance and improves the reliabil-
ity of the WDM-PON system.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages
of'the present invention will become more apparent from the
following detailed description when taken in conjunction
with the accompanying drawings in which:

FIG. 1 shows an apparatus for monitoring failure positions
onfibers by using an N-BLS and a WDM-PON system having
the apparatus according to Embodiment 1 of the present
invention;

FIG. 2 shows a multi-mode spectrum of an F-P LD and a
quasi-single mode spectrum after wavelength-locking result-
ing from injection of light from a BLS;

FIG. 3 is a graph showing backscattering and power of
reflected light as a function of time when monitoring light,
which has been modulated as pulses, is used in the apparatus
for monitoring failure positions on fibers and the WDM-PON
system having the apparatus shown in FIG. 1;

FIG. 4 shows a WDM-PON system having an additional
control device for controlling the apparatus for monitoring
failure positions according to an alternative embodiment to
Embodiment 1 shown in FIG. 1;

FIG. 5 shows an alternative embodiment to Embodiment 1
shown in FIG. 1;

FIG. 6 shows a WDM-PON system according to an alter-
native embodiment to the embodiment shown in FIG. 4;

FIG. 7 shows the construction of an apparatus for monitor-
ing failure positions on fibers and a WDM-PON system hav-
ing the apparatus according to Embodiment 2 of the present
invention;

FIG. 8 shows the construction of an apparatus for monitor-
ing failure positions in a WDM-PON system without using a
BLS and a WDM-PON system having the apparatus accord-
ing to Embodiment 3 of the present invention;
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FIG. 9 shows an alternative embodiment to Embodiment 3
shown in FIG. 8;

FIG. 10 shows another alternative embodiment to Embodi-
ment 3 shown in FIG. 8;

FIG. 11 shows an alternative embodiment to the embodi-
ment shown in FIG. 10;

FIG. 12 magnifies the multi-mode spectrum of an F-P LD
shown in the upper half of FIG. 2; and

FIG. 13 shows two F-P LDs used as polarization-multi-
plexed light sources for monitoring failure positions accord-
ing to the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention.

In order to solve the above-mentioned problems occurring
in the prior art, the present invention proposes three novel
approaches: 1) using an N-BLS (New wavelength range
Broadband Light Source), which has a band different from
transmission signal bands, 2) using a BLS used for injection
into a data transmission light source, i.e. the same BLS as the
transmission signal band, and 3) using no BLS.

Embodiment 1

FIG. 1 shows an apparatus for monitoring failure positions
onfibers by using an N-BLS and a WDM-PON system having
the apparatus according to Embodiment 1 of the present
invention, and FIG. 2 shows a multi-mode spectrum of an F-P
LD and a quasi-single mode spectrum after wavelength-lock-
ing resulting from injection of light from a BLS.

An apparatus for monitoring failure positions on fibers and
a WDM-PON system having the apparatus according to
Embodiment 1 of the present invention will now be described
with reference to FIGS. 1 and 2. Although an inexpensive F-P
LD is used as a light source for data transmission, it cannot be
used as a light source for a WDM (Wavelength Division
Multiplexing), because, in terms of wavelength range, it
oscillates in a multi-mode as shown in the upper half of FIG.
2. However, when the incoherent ASE light outputted from a
BLS is injected into the F-P LD via AWGs 122 and 128, light
having a wavelength determined for each port of the AWGs
122 and 128 is injected to an F-P LD in each transmitter 141
and 142. The transmitters 141 and 142 have an F-P LD
adapted to receive light injected from an external BLS and
oscillate in a quasi-single mode as shown in the lower half of
FIG. 2, as well as a modulation circuit (not shown). The
transmitters 141 and 142 transmit information signals
between a CO and a plurality of ONTs. The transmitters 141
and 142 modulate desired information signals and transmit
them to the F-P LD, which oscillates in a quasi-single mode,
so as to enable communication between the CO and the
ONTs. Receivers 108 and 143 have a photo detector for
receiving transmitted light and converting it into an electric
signal, as well as an amplification/decision circuit (not
shown). The receivers 108 and 143 receive information sig-
nals between the CO and the ONTs. Those skilled in the art
can easily understand that the same construction and function
of'the transmitters 141 and 142 and the receivers 108 and 143
apply to other embodiments shown in FIGS. 4 to 11. In
addition, although the present invention is described with
reference to transmitters having F-P LDs, the present inven-
tion is applicable to any type of WDM-PON having different
transmitters and receivers.

Transmission of optical signals via downlink (CO respec-
tive ONTs) will now be described. Light outputted from an
A-BLS 151 of'the CO is inputted to port no. 1 of a three-port
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optical circulator 131 and outputted via port no. 2. After
passing through a WDM 123, an AWG 122, and a WDM 121,
the light is injected into an F-P LD inside the transmitter 141
ofrespective channels A, A, . .. A, For clarity of description,
transmitters and receivers will be described hereinafter with
reference to only one channel A,. The transmitter 141 modu-
lates desired information signals and loads them onto an F-P
LD, which oscillates in a quasi-single mode. The transmitter
141 transmits the signals to the AWG 122 via the WDM 121.
Then, the AWG 122 multiplexes optical signals of various
channels A, A, . . . A~ The multiplexed light is inputted to
port no. 2 of the three-port optical circulator 131 via the
WDM 123 and transmitted to the WDM 124. Then, the light
is transmitted from the WDM 124 to an RN (Remote Node)
via a feeder fiber 125. In this case, a channel spacing between
the channels A, A, . . . A, is defined as the interval of wave-
lengths allocated to respective channels by the AWG. For
example, the channel spacing may be 50 GHz (0.4 nm), 100
GHz (0.8 nm), or 200 GHz (1.6 nm). The AWG 128 of the RN
demultiplexes received optical signals into various wave-
lengths and transmits them to respective ONTs via distributed
fibers 126. After reaching each ONT, the optical signals are
transmitted towards only the receiver 143 by the WDM 127,
so that respective ONTs obtain necessary information.

According to Embodiment 1 of the present invention, the
F-P LD (not shown) inside each transmitter 141 and 142 is a
laser diode having an anti-reflection coating or a coating
having a front facet reflectivity of 0-33%, and the photo
detector inside each receiver 108 and 143 is a PIN-PD (Posi-
tive-Intrinsic-Negative Photo Diode). The BLSs 151 and 152
may be implemented by using one of an LED, an SLD, and an
EDFA (Erbium-Doped Fiber Amplifier). Furthermore, the
BLSs 151 and 152 may use a wavelength band selected, from
O, E, S, C, L, and U bands, which are proposed by ITU
(International Telecommunications Union). Preferably, the
feeder fiber 125 and the distributed fiber 126 use single-mode
fibers, respectively. These details of the F-P LD, the BLSs 151
and 152, the feeder fiber 125, and the distributed fiber 126
according to Embodiment 1 equally apply to other embodi-
ments shown in FIGS. 4 to 11.

Transmission of optical signals from the ONTs to the CO
via uplink is substantially identical to the above-mentioned
transmission via downlink. In particular, light outputted from
a B-BLS 152 routes through the three-port optical circulator
132, the WDM 124, the feeder fiber 125, the AWG 128, the
distributed feeder 126, and the WDM 127 and is injected into
the F-P LD of the ONT-side transmitter 142.

The transmitter 142 modulates desired information signals
and loads them onto the F-P LD, which oscillates in a quasi-
single mode. The signals successively pass through the WDM
127, the distributed feeder 126, the AWG 128, and the feeder
fiber 125 and are inputted to the three-port optical circulator
132 via the WDM 124. Particularly, the light is inputted to
port no. 2 of the three-port optical circulator 132 and output-
ted via port no. 3. Then, the light passes through the WDM
123, the AWG 122, and the WDM 121 and is inputted to the
receiver 108 of the CO.

Ifany of the feeders 125 and 126 is broken or has a different
type of failure while the WDM-PON system according to
Embodiment 1 of the present invention is functioning nor-
mally, light received by the receiver 108 of the CO becomes
very weak, and so do electrical signals converted therefrom.
In order to monitor failure position on the feeders 125 and
126, the apparatus for monitoring failure positions according
to Embodiment 1 of the present invention transmits monitor-
ing optical signals to the feeders 125 and 126 via a CWDM
(Coarse Wavelength Division Multiplexing) 102. More par-
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ticularly, the apparatus for monitoring failure positions
according to the present invention includes a signal generator
104 for generating monitoring electric pulse signals, which
are used to monitor failure positions on feeders; a light source
103 modulated by the signal generator 104 so as to convert the
pulse signals into monitoring light and output the light; a
tunable band pass filter 105 for passing only a predetermined
wavelength range while tuning the wavelength; an N-BLS
101 for outputting light to be injected into the light source
103; a four-port optical circulator 111 for routing the inco-
herent ASE light, which is outputted by the N-BLS 101, to the
light source 103 via the tunable band pass filter 105 and
routing monitoring light, which is outputted by the light
source 103 and passes through the tunable band pass filter
105, to the feeders 125 and 126; a photo detector 106 for
receiving the monitoring light, which is routed by the four-
port optical circulator 111 and which is backscattered and
reflected on the feeders 125 and 126, converting the received
monitoring light into electric signals, and outputting them; a
signal processing unit 107 for reducing noise from the con-
verted electric signals, which have been outputted by the
photo detector 106, and outputting them; and a display unit
160 for displaying failure positions based on the result of
failure positioning by the signal processing unit 107.

Light outputted by the N-BLS 101 is routed by the four-
port optical circulator 111. After passing through the tunable
band pass filter 105, the light has a smaller bandwidth. The
light is injected into the light source 103, which then oscil-
lates in a quasi-single mode as shown in the lower half of FIG.
2 and which is modulated by the signal generator 104. The
monitoring light outputted by the light source 103 passes
through the tunable band pass filter 105, so that adjacent
mode components of the light are further filtered. In this case,
the tunable band pass filter 105 may be adjusted so as to
coincide a wavelengths corresponding to channels numbered
1to N A, A, ... Ay, in order to obtain a monitoring light
waveform having wavelengths corresponding to respective
channels. As such, the present invention is advantageous in
that a monitoring light waveform measured in the case of a
failure is compared with that measured in the case of no
failure, so that every channel is subjected to fault checking. In
other words, not only faulty channels, but also normally func-
tioning channels are always monitored.

After being inputted to the feeder fiber 125 via the four-port
optical circulator 111 and the CWDM 102, the monitoring
light routes through the feeders 125 and 126 and undergoes
backscattering and reflection. Then, the light is received by
the photo detector 106 via the CWDM 102 and the four-port
optical circulator 111. The received light is converted into
electric signals, which pass through the signal processing unit
107 for noise reduction and which are displayed by the dis-
play unit 160.

The light source 103, which oscillates in a quasi-single
mode, has suppressed adjacent modes as shown in the lower
half of FIG. 2. Therefore, even when the power of a single
mode may be small, a number of modes existing over a wide
wavelength range may be combined and generate higher
power. Backscattered and reflected waves resulting from the
adjacent modes may act as noise with regard to backscattered
and reflected waves corresponding to faulty channels. In
order to further reduce the adjacent mode components,
according to Embodiment 1 of the present invention, the
tunable band pass filter 105 is positioned between port no. 2
of'the four-port optical circulator 111 and the light source 103
so that monitoring light, which has been generated in a quasi-
single mode, is filtered once more. However, it can be easily
understood by those skilled in the art that, if the power of
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adjacent mode components is not so large that they act as
noise when a failure on a specific channel is to be positioned,
the tunable band pass filter 105 may be positioned between
port no. 4 of the N-BLS 101 and port no. 1 of the four-port
optical circulator 111. Such modification of position of the
tunable band pass filter 105 is applicable not only to the
embodiment shown in FIG. 1, but also to that shown in FIG.
4, which is an alternative embodiment.

According to the present invention, the N-BLS 101 selects
a proper band, which is not the transmission signal band,
based on the fact that the transmission characteristics of the
AWG 128 are periodical according to the wavelength.
According to a preferred embodiment of the present inven-
tion, the photo detector 106 may be implemented by using a
PIN-PD or APD (Avalanche Photo Diode). The signal pro-
cessing unit 107 may include an amplifier, an analog/digital
converter, and an averager. The description of components of
the photo detector 106 and the signal processing unit 107
equally applies to photo detectors 406, 506, 606, 706, 806,
906, 1006, and 1106 and signal processing units 407, 507,
607, 707, 807, 907, 1007, and 1107 according to other
embodiments of the present invention shown in FIGS. 4 to 11.

As shown in FIG. 1, Embodiment 1 of the present invention
is characterized in that an N-BLS 101 is used to inject moni-
toring light, which has a band different from that of data
transmission signals, for use in an apparatus for monitoring
failure positions. Particularly, Embodiment 1 shownin FIG. 1
replaces optical couplers 770 and 771 used in Embodiment 2
shown in FIG. 7 with a CWDM 102, which has smaller
insertion loss, so that the loss of transmission signals is
reduced. In addition, when backscattered and reflected, the
monitoring light is not affected by backscattering light result-
ing from data transmission channels. This means that the
monitoring light does not need to pass through the tunable
band pass filter 105 during a reception process of the moni-
toring light. As a result, loss of the monitoring light itself is
reduced, and the range of monitoring failure positions is
further extended.

Furthermore, the apparatus for monitoring failure posi-
tions according to Embodiment 1 according to the present
invention is advantageously applicable not only to the WDN-
PON system shown in FIG. 1, but also to any type of conven-
tional WDN-PON system, including that shown in FIG. 7.

FIG. 3 is a graph showing backscattering and power of
reflected light as a function of time when monitoring light,
which has been modulated as pulses, is used in the apparatus
for monitoring failure positions on fibers and the WDM-PON
system having the apparatus shown in FIG. 1. Referring to
FIG. 3, as the monitoring light is inputted to a fiber and
propagates through it, the light is backscattered and, as a
result of loss based on distance, the signal intensity weakens.
Signals are reflected at a spot (26.8 Km) where the fiber is
broken. This makes it possible to monitor the failure positions
onthefiber. InFIG. 3, a larger retlected wave generated by the
AWG 128 is labeled 301, and a reflected wave generated at the
failure position is labeled 302. The time difference between
the moment of input of the monitoring light and the moment
of generation of the reflected wave 302 at the failure position
is 268 ps, which is multiplied by the propagation speed of
light inside the fiber. As a result of the calculation, the trav-
eling distance is 26.8 Km, from which the failure position is
known.

FIG. 4 shows a WDM-PON system having an additional
control device for controlling the apparatus for monitoring
failure positions according to an alternative embodiment to
Embodiment 1 shown in FIG. 1. When there is no failure in
the apparatus for monitoring failure positions on feeders and
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the WDM-PON system having the apparatus according to
Embodiment 1 of the present invention, the process for trans-
mitting and receiving optical signals and the monitoring light
generation mechanism of the apparatus are substantially
identical to those in the case of Embodiment 1 shown in FIG.
1, and repeated description thereof will be omitted herein.

The operation of the control device 409 shown in FIG. 4
will now be described in detail when it is used in an apparatus
for monitoring failure positions on fibers.

Referring to FIG. 4, if any of the feeders 425 and 426 is
broken or has a different type of failure while the WDM-PON
system having the apparatus for monitoring failure positions
on feeders is functioning normally, light received by the
receiver 408 of CO becomes very weak, and so do electrical
signals converted therefrom. In this case, the control device
409, which is electrically connected to all receivers 408,
determines the faulty channel, drives the signal generator 404
0 as to generate monitoring electric pulse signals for posi-
tioning the failure, and adjusts the tunable band pass filter 405
s0 as to coincide to the wavelength corresponding to the faulty
channel. Then, light outputted by the N-BLS 401 is routed by
the four-port optical circulator 411. After passing through the
tunable band pass filter 405, the light has a smaller bandwidth
and is injected into the light source 403, which is locked with
regard to a wavelength corresponding to the faulty channel.
The light source 403 oscillates in a quasi-single mode as
shown in the lower half of FIG. 2 and is modulated by the
signal generator 404. After passing through the tunable band
pass filter 405, the monitoring light has a waveform having a
wavelength corresponding to the faulty channel. The differ-
ence between the embodiments shown in FIGS. 1 and 4 is
that, in the latter case, the control device 409 can instantly
identify the faulty channel.

After being inputted to the feeder fiber 425 via the four-port
optical circulator 411 and the CWDM 402, the wavelength-
locked monitoring light propagates through the fibers 425 and
426 and undergoes backscattering and reflection. Then, the
light is received by the photo detector 406 via the CWDM 402
and the optical circulator 411. The received light is converted
into electric signals, which pass through the signal processing
unit 407 for noise reduction and are displayed by the display
unit 460.

The tunable band pass filters 105 and 405 according to
Embodiment 1 shown in FIG. 1 and the alternative embodi-
ment shown in FIG. 4, respectively, have such characteristics
that they pass light only in a specific wavelength range. As the
tunable band pass filters 105 and 405, filters having a 3 dB
bandwidth of B nm (B is an arbitrary real number) are used.
Based on the channel spacing of the AWG, the value of B may
be, for example, 0.2 nm, 0.4 nm, or 0.8 nm.

FIG. 5 shows an alternative embodiment to Embodiment 1
shown in FIG. 1, and FIG. 6 shows a WDM-PON system
according to an alternative embodiment to the embodiment
shown in FIG. 4. Referring to FIGS. 5 and 6, each four-port
optical circulator 111 and 411 of the monitoring light genera-
tion unit shown in FIGS. 1 and 4 is replaced with two three-
port optical circulators 512 and 513; 612 and 613 for the same
operation.

Referring to FIG. 5, light outputted by the N-BLS 501 is
routed by the three-port optical circulator 512 and, after pass-
ing through the tunable band pass filter 505, has a smaller
bandwidth. The light is then injected into the light source 503,
which oscillates in a quasi-single mode as shown in the lower
half of FIG. 2 and which is modulated by the signal generator
504. The resulting light has suppressed adjacent modes as
shown in the lower half of FIG. 2. Although the adjacent
modes may be weak, they may act as noise when combined
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together and interfere with failure positioning. Therefore, the
adjacent modes must be filtered through the tunable band pass
filter. In this case, the tunable band pass filter 505 may be
adjusted so as to coincide the wavelength corresponding to
channels numbered 1 to N A, A, . . . Ay, in order to obtain a
monitoring light waveform having wavelengths correspond-
ing to respective channels. The monitoring light is inputted to
the feeder fiber 525 via two three-port optical circulators 512
and 513 and a CWDM 502. The inputted monitoring light
propagates through the fibers 525 and 526 and undergoes
backscattering and reflection. Then, the light is passed via the
CWDM 502 and the three-port optical circulator 513 and is
received by the photo detector 506. The received light is
converted into electric signals, which pass through the signal
processing unit 507 for noise reduction and are displayed by
the display unit 560.

Inthe case ofthe embodiment shown in FIG. 6, if any of the
feeders 625 and 626 is broken or has a different type of failure
while the apparatus for monitoring failure positions on feed-
ers and the WDM-PON system having the apparatus are
functioning normally, light received by the receiver 608 of
CO becomes very weak, and so do electrical signals con-
verted therefrom. Then, the control device 609, which is
electrically connected to all receivers 608, determines the
faulty channel, drives the signal generator 604 so as to gen-
erate monitoring electric pulse signals for positioning the
failure, and adjusts the tunable band pass filter 605 so as to
coincide the wavelength corresponding to the faulty channel.
Then, light outputted by the N-BLS 601 is routed by the
three-port optical circulator 612. After passing through the
tunable band pass filter 605, the light has a smaller bandwidth
and is injected into the light source 603, which is locked with
regard to a wavelength corresponding to the faulty channel.
Thelight source 603 oscillates in a quasi-single mode, and the
resulting monitoring light is modulated by the signal genera-
tor 604. The modulated monitoring light routes through two
three-port optical circulators 612 and 613 and a CWDM 602
and is inputted to the feeder fiber 625. The inputted monitor-
ing light propagates through the fibers 625 and 626 and under-
goes backscattering and reflection. Then, the light is passed
via the CWDM 602 and the three-port optical circulator 613
and is received by the photo detector 606. The received light
is converted into electric signals, which pass through the
signal processing unit 607 for noise reduction and are dis-
played by the display unit 660.

The N-BLSs 501 and 601 shown in FIGS. 5 and 6, respec-
tively, select a proper band, which is not the transmission
signal band, based on the fact that the transmission charac-
teristics of the AWGs 528 and 628 are periodical according to
the wavelength, as in the case shown in FIG. 1.

In addition, the position of the tunable band pass filters 505
and 605 of the apparatuses for monitoring failure positions
according to the embodiments shown in FIGS. 1 and 4,
respectively, may be modified in the same manner as shown
FIGS. 1 and 4. More particularly, when the incoherent ASE
light is injected from outside and monitoring light is gener-
ated as a result of oscillation in a quasi-single mode, the
monitoring light has suppressed adjacent mode components
as shown in the lower half of FI1G. 2. According to the embodi-
ments shown in FIGS. 5 and 6, the light passes through the
tunable band pass filter once more so that adjacent mode
components are further suppressed and only the wavelength
of the faulty channel is passed. However, those skilled in the
art can easily understand that, if the degree of backscattering
and the size of reflected waves resulting from the adjacent
mode components of the monitoring light are not so large that
they act as noise with regard to backscattering and reflected
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waves in the faulty channel, the light does not need to pass
through the tunable band pass filters 505 and 605 once more.
Therefore, the tunable band pass filters 505 and 605 accord-
ing to the embodiments shown in FIGS. 5 and 6 may be
positioned between the N-BLSs 501 and 601 and portno. 1 of
the optical circulators 512 and 612, respectively, instead of
being positioned between the optical circulators 512 and 612
and the monitoring light sources 503 and 603.

Embodiment 2

FIG. 7 shows the construction of an apparatus for monitor-
ing failure positions on fibers and a WDM-PON system hav-
ing the apparatus according to Embodiment 2 of the present
invention. The WDM-PON system according to the present
embodiment is characterized in that a BLS having uplink and
downlink transmission bands is utilized so that a wavelength-
locked F-P LD can be utilized as a transmission light source.
However, those skilled in the art can easily understand that the
use of F-P LD in the WDM-PON system according to
Embodiment 2 is only an example, and a different type of
transmission light source may also be used as required.

Referring to FIG. 7, although an inexpensive F-P LD is
used as a light source for data transmission in the apparatus
for monitoring failure positions on fibers and the WDM-PON
system having the apparatus according to Embodiment 2 of
the present invention, the F-P LD cannot be used as a WDM
light source, because, in terms of wavelength range, it oscil-
lates in a multi-mode as shown in the upper half of FIG. 2.
However, when the incoherent ASE light generated by
A-BLS and B-BLS 751 and 752 is injected via AWGs 722 and
728, light having a wavelength determined for each port of the
AWGs 722 and 728 is injected to an F-P LD in each trans-
mitter 741 and 742 of the uplink and downlink. The transmit-
ters 741 and 742 have an F-P LD adapted to receive light
injected from outside and oscillate in a quasi-single mode as
shown in the lower half of FIG. 2, as well as a modulation
circuit. The transmitters 741 and 742 transmit information
signals between a CO and a plurality of ONTs. The transmit-
ters 741 and 742 modulate desired information signals and
transmit them to the F-P LD, which oscillates in a quasi-
single mode, so as to enable communication between the CO
and the ONTs. Receivers 708 and 743 have a photo detector
for receiving transmitted light and converting it into an elec-
tric signal, as well as an amplification/decision circuit. The
receivers 708 and 743 receive information signals between
the CO and the ONTs.

Transmission of optical signals via downlink will now be
described. Light outputted from an A-BSL 751 of the CO is
inputted to port no. 1 of a three-port optical circulator 731 and
outputted via port no. 2. After passing through a WDM 723,
an AWG 722, and a WDM 721, the light is injected into an F-P
LD inside the transmitter 141 of respective channels. The
transmitter 741 modulates desired information signals and
loads them onto an F-P LD, which oscillates in a quasi-single
mode. The transmitter 741 transmits the signals to the AWG
722 via the WDM 721. Then, the AWG 722 multiplexes
optical signals of various channels A, A, . . . A,. The multi-
plexed light is inputted to port no. 2 of the three-port optical
circulator 731 via the WDM 723 and is transmitted to an RN
via portno. 3, aoptical coupler 771, a WDM 724, and a feeder
fiber 725. The AWG 728 of the RN demultiplexes received
optical signals into various wavelengths and transmits them
to respective ONTs via distributed fibers 726. After reaching
each ONT, the optical signals are transmitted towards only the
receiver 743 by the WDM 727, so that respective ONTs
obtain necessary information.

Transmission of optical signals from respective ONTs to
the CO via uplink is substantially identical to the above-
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mentioned transmission via downlink. In particular, light out-
putted from a B-BLS 752 routes through the three-port opti-
cal circulator 732, the WDM 724, the feeder fiber 725, the
AWG 728, the distributed feeder 726, and the WDM 727 and
is injected into the F-P LD of the ONT-side transmitter 742.

The transmitter 742 modulates desired information signals
and loads them onto the F-P LD, which oscillates in a quasi-
single mode. The signals successively pass through the WDM
727, the distributed feeder 726, the AWG 728, and the feeder
fiber 725 and are inputted to the three-port optical circulator
732 via the WDM 724. Particularly, the light is inputted to
port no. 2 of the three-port optical circulator 732 and output-
ted via port no. 3. Then, the light passes through the WDM
723, the AWG 722, and the WDM 721 and is inputted to the
receiver 708 of the CO.

Ifany of the feeders 725 and 726 is broken or has a different
type of failure while the WDM-PON system according to
Embodiment 2 of the present invention is functioning nor-
mally, light received by the receiver 708 of the CO becomes
very weak, and so do electrical signals converted therefrom.
In this case, the control device 709, which is electrically
connected to all receivers 708, determines the faulty channel,
drives the signal generator 704 so as to generate monitoring
electric pulse signals for positioning the failure, and adjusts
the tunable band pass filter 705 so as to coincide the wave-
length corresponding to the faulty channel. Then, light out-
putted by the A-BLS 751 is split by the optical coupler 770
and is injected into the light source 703 via the three-port
optical circulator 730, the tunable band pass filter 705, and the
three-port optical circulator 710. The light source 703 is
locked with regard to a wavelength corresponding to the
faulty channel and oscillates in a quasi-single mode as shown
in the lower half of FIG. 2. The resulting monitoring light is
modulated by the signal generator 704. The modulated moni-
toring light is routed by the three-port optical circulator 710
and is inputted to the feeder fiber 725 via the optical coupler
771 and the WDM 724. As the inputted monitoring light
propagates through the fibers 725 and 726, it undergoes back-
scattering and reflection. Then, the monitoring light passes
through the WDM 724, the optical coupler 771, the three-port
optical circulator 710, and the tunable band pass filter 705. As
a result, backscattered and reflected light resulting from the
monitoring light are passed, but backscattered and reflected
light resulting form adjacent data transmission signals are
filtered. The monitoring light is received by the photo detector
706 via the three-port optical circulator 730 and is converted
into electric signals, which are subjected to an averaging
process for noise reduction by the signal processing unit 707
and are displayed by the display 760. The optical couplers 770
and 771 according to Embodiment 2 of the present invention
can split optical power at a ratio of 1:r (r is an arbitrary real
number) or couple split light.

Compared with Embodiment 1, Embodiment 2 is charac-
terized in that the failure position monitoring apparatus uses
the incoherent ASE light inputted from an external BLS 751
in the transmission signal band so as to obtain monitoring
light. Therefore, Embodiment 2 shown in FIG. 7 cannot be
used for general WDM-PON systems, but is applicable to
WDM-PON systems using a wavelength-locked F-P LD, into
which the incoherent ASE light is injected, as the transmis-
sion signal.

Embodiment 3

FIG. 8 shows the construction of an apparatus for monitor-
ing failure positions in a WDM-PON system without using a
BLS and a WDM-PON system having the apparatus accord-
ing to Embodiment 3 of the present invention. Embodiment 3
is characterized in that monitoring light for monitoring failure
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positions is generated without using a BLS, and other con-
struction is the same as Embodiment 1 shown in FIG. 1. The
apparatus for monitoring failure positions shown in FIG. 8
includes a signal generator 804 for generating monitoring
electric pulse signals, which are used to monitor the failure
positions on feeders; a light source 803 modulated by the
signal generator 804 so as to convert the pulse signals into
monitoring light and output the light; a tunable band pass
filter 805 for passing only a predetermined wavelength range
while tuning the wavelength; an optical amplifier 800 for
amplifying the monitoring light, which has been filtered by
the tunable band pass filter 805; a three-port optical circulator
813 for routing the monitoring light, which has been ampli-
fied by the optical amplifier 800, to a single fiber and receiv-
ing the monitoring light, which has been backscattered and
reflected on the fiber, so as to route the light output; a photo
detector 806 for receiving the monitoring light, which has
been routed and outputted by the three-port optical circulator
813 and which has been backscattered and reflected, convert-
ing the light into electric signals, and outputting them; a
signal processing unit 807 for reducing noise from the con-
verted electric signals, which have been outputted by the
photo detector 806, and outputting them; and a display unit
860 for displaying failure positions based on the result of
failure positioning by the signal processing unit 807. As the
optical amplifier according to Embodiment 3, an EDFA or
SOA may be used.

Components of the WDM-PON system shown in FIG. 8
areidentical to those shown in FIG. 1, except for the apparatus
for monitoring failure positions. Therefore, repeated descrip-
tion thereof will be omitted herein, and operation of the
apparatus for monitoring failure positions will now be
described. The signal generator 804 of the apparatus for
monitoring failure positions shown in FIG. 8 generates moni-
toring light, which is modulated and outputted by the light
source 803 so that it has a wide wavelength range. As the
monitoring light passes through the tunable band pass filter
805, desired wavelengths are filtered. However, in contrast to
the case in which the external incoherent ASE light is injected
and only a single desired wavelength is amplified, the moni-
toring light outputted by the light source 803 according to the
embodiment shown in FIG. 8 is filtered by the band pass filter
805, but is not amplified. Therefore, after passing the band
pass filter 805, the monitoring light is amplified as desired by
the optical amplifier 800. The monitoring light is then input-
ted to a single feeder via the three-port optical circulator 813
and the WDM 802. After being backscattered and reflected on
the feeder, the monitoring light is converted into electric
signals via the WDM 802, the three-port optical circulator
806, and the photo detector 806, as in the case of Embodiment
1. The converted electric signals pass through the signal pro-
cessing unit 807 for noise reduction and are displayed by the
display unit 860.

Although the apparatus for monitoring failure positions
shown in FIG. 8 uses an additional optical amplifier 800
compared with the case of Embodiment 1, the apparatus can
generate high-power monitoring light without using a BLS so
that it can position failures in an increased range. Further-
more, the apparatus for monitoring failure positions shown in
FIG. 8 has the same advantage as in the case of Embodiment
1,1.e. it can check every channel’s failure while continuously
adjusting the tunable band pass filter.

FIG. 9 shows an alternative embodiment to Embodiment 3
shown in FIG. 8. The apparatus for monitoring failure posi-
tions and the WDM-PON system having the apparatus shown
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in FIG. 9 have substantially the same operation as in the case
of Embodiment 3 shown in FIG. 8, except for an additional
control device 909.

The apparatus for monitoring failure positions shown in
FIG. 9 includes a signal generator 904 for generating moni-
toring electric pulse signals, which are used to monitor failure
positions on feeders; a light source 903 modulated by the
signal generator 904 so as to convert the pulse signals into
monitoring light and output the light; a tunable band pass
filter 905 for passing only a predetermined wavelength range
while tuning the wavelength; a control device 909 for driving
the signal generator 904 and controlling the tunable band pass
filter 905; an optical amplifier 900 for amplifying the moni-
toring light, which has been filtered by the tunable band pass
filter 905; a three-port optical circulator 913 for routing the
monitoring light, which has been amplified by the optical
amplifier 900, to a single fiber and receiving the monitoring
light, which has been backscattered and reflected on the fiber,
s0 as to route and the output light; a photo detector 906 for
receiving the monitoring light, which has been routed and
outputted by the three-port optical circulator 913 and which
has been backscattered and reflected, converting the light into
electric signals, and outputting them; a signal processing unit
907 for reducing noise from the converted electric signals,
which have been outputted by the photo detector 906, and
outputting them; and a display unit 960 for displaying failure
positions based on the result of failure positioning by the
signal processing unit 907.

Referring to FIG. 9, the control device 909, which is con-
nected to all receivers Rx of the CO, determines the faulty
channel, drives the signal generator 904 of the apparatus for
monitoring failure positions, and adjusts the tunable band
pass filter 905 so as to coincide the wavelength corresponding
to the faulty channel. The light source 903 is modulated by the
signal generator so as to output monitoring light having a
large wavelength range. Therefore, the tunable band pass
filter 905 is used to pass only a predetermined wavelength
range of the monitoring light. After passing through the tun-
able band pass filter 905, the monitoring light has a wave-
length corresponding to the faulty channel determined by the
control device 909. This means that, in contrast to the appa-
ratus for monitoring failure positions shown in FIG. 8, the
apparatus shown in FIG. 9 can instantly identify the faulty
channel by means of the control device 909.

FIG. 10 shows another alternative embodiment to Embodi-
ment 3 shown in FIG. 8. More particularly, the apparatus for
monitoring failure positions and the WDM-PON system hav-
ing the apparatus shown in FIG. 10 aim at generating high-
power monitoring light. To this end, the optical amplifiers 800
and 900 shown in FIGS. 8 and 9 are omitted, and high-power
lasers are used instead of the light sources 803 and 903. The
apparatus for monitoring failure positions shown in FIG. 10
includes a signal generator 1004 for generating electric pulse
signals, which are used to monitor the failure positions on
feeders; a high-power laser 1003 for outputting monitoring
light modulated by the signal generator 1004; a tunable band
pass filter 1005 for filtering the modulated high-power moni-
toring light, which has been outputted by the high-power laser
1003, so as to coincide a wavelength corresponding to a faulty
channel and outputting the light to a single fiber; a three-port
optical circulator 1013 for routing the high-output monitoring
light, which has passed through the tunable band pass filter
1005, to the single fiber and receiving the monitoring light,
which has been backscattered and reflected on the fiber, so as
to route the output light; a photo detector 1006 for receiving
the monitoring light, which has been routed and outputted by
the three-port optical circulator 1013 and which has been
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backscattered and reflected, converting the light into electric
signals, and outputting them; a signal processing unit 1007
for reducing noise from the converted electric signals, which
have been outputted by the photo detector 1006, and output-
ting them; and a display unit 1060 for displaying failure
positions based on the result of failure positioning by the
signal processing unit 1007.

The principle of receiving the monitoring light, which is
backscattered and reflected on the fiber, is the same as has
been described with reference to FIGS. 8 and 9, and repeated
description thereof will be omitted herein. In addition, those
skilled in the art can easily understand that the failure position
monitoring apparatus shown in FIG. 10, which uses a high-
power laser 1003, is interchangeable with the failure position
monitoring apparatuses shown in FIGS. 8 and 9.

FIG. 11 shows an alternative embodiment to the embodi-
ment shown in FIG. 10. More particularly, the apparatus for
monitoring failure positions and the WDM-PON system hav-
ing the apparatus shown in FIG. 11 have substantially the
same construction as in the case of the embodiment shown in
FIG. 10, except for an additional control device 1109. In
addition, the operation of the failure position monitoring
apparatus having a control device 1109 shown in FIG. 11 has
substantially the same operation as the apparatus shown in
FIG. 9, and repeated description thereof will be omitted
herein.

Meanwhile, various types of light sources may be used for
the failure position monitoring apparatuses according to
Embodiments 1, 2, and 3, as will now be described in more
detail.

A laser is one of commonly used light sources. Basically,
the present invention uses an inexpensive F-P LD, which
oscillates in a multi-mode. As mentioned above, FIG. 2 shows
amulti-mode spectrum of a conventional F-P LD in the upper
half, and FIG. 12 magnifies the spectrum.

Referring to FIG. 12, the oscillation of the F-P LD is
characterized in that peaks and valleys alternate with each
other depending on the wavelength (i.e. multi-mode).
According to the present invention, the incoherent ASE light
is injected from outside solely into a wavelength range cor-
responding to a faulty channel so that the F-P LD oscillates in
a quasi-single mode as shown in the lower half of FIG. 2.
Alternatively, a corresponding wavelength from a high-
power laser is selectively filtered so that the laser is used as a
light source for a failure position monitoring apparatus. How-
ever, if a failure occurs in a wavelength corresponding to one
of the valleys shown in FIG. 12, not of peaks, or if a the
incoherent ASE light source is injected into one of the valleys
due to the characteristics of the laser, the oscillation mode
wavelength of which varies depending on the temperature,
the output of monitoring light from the light source for the
failure position monitoring apparatus may weaken undesir-
ably.

Four methods for preventing the output of the monitoring
light from weakening will now be described.

According to the first method proposed by the present
invention, an F-P LD having a long cavity length is used as a
light source for the failure position monitoring apparatus so
that the mode interval of the F-P LD is narrower than the
bandwidth of the tunable band pass filter, as indicated by Au
in FIG. 12.

According to the second method proposed by the present
invention, an F-P LD is used as a light source for the failure
position monitoring apparatus so as to sweep the temperature
of a TEC (Thermo-Electric Cooler), so that the oscillation
wavelength is swept accordingly. Lasers are sensitive to tem-
perature, and their oscillation mode wavelength varies
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depending on temperature. In order to prevent change in
wavelength resulting from temperature, a TEC is commonly
used to maintain the temperature of the laser. However,
instead of fixing the temperature of the laser, the second
method proposed by the present invention uses a TEC so as to
repeatedly raise/lower the temperature so that the wavelength
varies as much as the oscillation mode interval of the laser.
This avoids the worst situation in which an external the inco-
herent ASE light source is injected into a valley as shown in
FIG. 12 and maintains the output of the monitoring light for
the failure position monitoring apparatus above a predeter-
mined level on average.

According to the third method proposed by the present
invention, a polarization-multiplexed light source is used, as
disclosed in a paper entitled “WAVELENGTH SELF MAN-
AGED OPTICAL WDM SOURCE USING POLARIZA-
TION-MULTIPLEXED FABRY-PEROT LASER DIODES”
by LEE, Chang-Hee et al. (inventors of the present invention),
pp- 2347-2349, No. 10, Vol. 16 of IEEE Photonics Technol-
ogy Letters, October, 2004 (the whole contents of the paper is
incorporated herein for reference). More particularly, two F-P
LDs are used as the light source of the failure position moni-
toring apparatus so as to constitute a polarization-multiplexed
light source, as shown in FIG. 13. Those skilled in the art can
easily understand that, although two F-P LDs are shown in
FIG. 13 and used as the polarization-multiplexed light source
for the failure position monitoring apparatus, N (N is an
arbitrary natural number) F-P LDs may be used as desired.
Referring to FIG. 13, two F-P LDs are coupled to each other
so that their oscillation modes have different offsets. Particu-
larly, valleys of LD1 coincide with peaks of LD2, and the LD1
and L.D2 are adjusted by using a PMF (Polarization Main-
taining Fiber) so that the polarization of LD1 is perpendicular
to that of LD2. Then, the LD1 and LD2 are coupled to each
other via a PBC (Polarization Beam Coupler). This secures
stable output of monitoring light from the light source for the
failure position monitoring apparatus. In addition, the output
of'the monitoring light is larger than in the case of a single LD,
because the output corresponds to the sum of the output of
LD1 and LD2.

According to the fourth method proposed by the present
invention, an RSOA (Reflective Semiconductor Optical
Amplifier) is used as the light source of the failure position
monitoring apparatus. Compared with the optical output
spectrum of an F-P LD, the spectrum of the RSOA has a
smaller difference between the optical output at peaks and
that at valleys. This means that, even when the incoherent
ASE light is injected into valleys, a larger output of monitor-
ing light is generated.

Industrial Applicability

As can be seen from the foregoing, the present invention is
advantageous in that it can position failures on channels in a
WDM-PON system while maintaining transmission via other
channels, as well as check if other channels are functioning
normally in an economic manner. Therefore, any failure in the
WDM-PON system is accurately positioned for fast recovery.
This reduces the cost for repair and maintenance and
improves the reliability of the WDM-PON system.

While this invention has been described in connection with
what is presently considered to be the most practical and
preferred embodiment, it is to be understood that the inven-
tion is not limited to the disclosed embodiment and the draw-
ings, but, on the contrary, it is intended to cover various
modifications and variations within the spirit and scope of the
appended claims.
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The invention claimed is:

1. An apparatus comprising:

a light source to generate a first monitoring light to propa-
gate over a fiber, the fiber configured to transmit data in
at least one of data transmission wavelength bands;

a first broadband light source (“BLS”) for outputting an
incoherent light in a monitoring wavelength band that is
different from the at least one of the data transmission
wavelength bands, the incoherent light to be injected
into the light source to generate the first monitoring
light;

atunable band pass filter coupled to the BLS to pass one or
more wavelengths of the incoherent light in the moni-
toring wavelength band to be injected into the light
source;

a coarse wavelength division multiplexer (“CWDM”
couple between the tunable band pass filter and the fiber
to propagate the first monitoring light over the fiber;

a photo detector to receive a second monitoring light via
the CWDM, wherein the second monitoring light
includes the first monitoring light backscattered on the
fiber,

an optical circulator comprising

a first port coupled to the first broadband source,

a second port to route the incoherent light to inject into the
light source,

a third port to route the first monitoring light from the light
source to the fiber, and

a fourth port to route the second monitoring light from the
fiber to the photo detector.

2. The apparatus of claim 1, further comprising

a signal generator to modulate the light source.

3. The apparatus of claim 1, further comprising

a signal processing unit coupled to the photo detector, and

a display unit coupled to the signal processing unit.

4. The apparatus as claimed in claim 1, further comprising

a control device coupled to the tunable band pass filter, the
control device to determine a faulty channel, and to
adjust a wavelength of the first monitoring light to cor-
respond to the faulty channel.

5. The apparatus of claim 1, wherein the optical circulator

is a four-port optical circulator.

6. The apparatus of claim 1, wherein the light source
includes a Fabry-Perot laser diode (“F-P LD”).

7. The apparatus of claim 1, wherein the light source
includes a thermoelectric cooler (“TEC”) to sweep an oscil-
lation mode wavelength.

8. The apparatus of claim 1, wherein the light source
includes a plurality of polarization-multiplexed light sources.

9. The apparatus of claim 1, wherein the light source
includes a reflective semiconductor optical amplifier.

10. The apparatus of claim 1, wherein the light source is a
laser diode having an anti-reflection coating or a coating
having a front facet reflectivity of 0- 33%.

11. A WDM-PON system, comprising:

a feeder fiber,

a first plurality of transmitters to transmit first information
signals in at least a first wavelength band via the feeder
fiber,

a first light source capable of lasing to generate a first
monitoring light;
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a first broadband light source (“BLS”) for outputting an
incoherent light in a monitoring wavelength band that is
different from the at least one of the data transmission
wavelength bands, the incoherent light to be injected
into the first light source capable of lasing to generate the
first monitoring light;

atunable band pass filter coupled to the BLS to pass one or
more wavelengths of the incoherent light in the moni-
toring wavelength band to be injected into the first light
source capable of lasing;

a coarse wavelength division multiplexer (“CWDM”)
coupled between the tunable band pass filter and the
feeder fiber to propagate the first monitoring light over
the feeder fiber;

a photo detector to receive a second monitoring light via
the CWDM, the second monitoring light includes the
first monitoring light backscattered on the feeder fiber,

an optical circulator comprising
a first port coupled to the first BLS,

a second port to route the incoherent light to inject into the

first light source capable of lasing,

a third port to route the first monitoring light from the light

source to the feeder fiber, and

a fourth port to route the second monitoring light from the

feeder fiber to the photo detector.

12. The WDM-PON system of claim 11, further compris-
ing

a second plurality of distributed fibers coupled to the feeder

fiber, and

a third plurality of receivers to receive the first information

signals via the second plurality of distributed fibers.

13. The WDM-PON system of claim 11, wherein the first
light source capable of lasing includes a Fabry-Perot laser
diode (“F-P LD”).

14. The WDM-PON system of claim 11, wherein the first
light source capable of lasing includes a thermoelectric cooler
(“TEC”) to sweep an oscillation mode wavelength.

15. The WDM-PON system of claim 11, wherein the first
light source capable of lasing includes a plurality of polariza-
tion-multiplexed light sources.

16. The WDM-PON system of claim 11, wherein the first
light source capable of lasing includes a reflective semicon-
ductor optical amplifier.

17. The WDM-PON system of claim 11, wherein the moni-
toring wavelength band is selected from the group consisting
of O, E, S, C, L, and U bands proposed by International
Telecommunications Union (“ITU”).

18. The WDM-PON system of 11, wherein the first light
source capable of lasing is a laser diode having an anti-
reflection coating or a coating having a front facet reflectivity
of 0-33%.

19. The WDM-PON system of claim 11, wherein the
feeder fiber is a single-mode fiber.

20. The WDM-PON system of claim 11, wherein the opti-
cal circulator is a four-port optical circulator.
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